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Abstract
Background Chancre self-healing is an important clinical feature in the early stages of syphilis infection. Wound heal-
ing may involve an important mechanism by the migration of fibroblasts filling the injured lesion. However, the specific
mechanism underlying this process is still unknown.
Objectives We aimed to analyse the role of Tp0136 in the migration of fibroblasts and the related mechanism.
Methods The migration ability of fibroblasts was detected by a wound-healing assay. RT-PCR and ELISA detected the
expression of MCP-1, IL-6 and MMP-9. TLR4 expression was detected by RT-PCR. The protein levels of CCR2 and rele-
vant signalling pathway molecules were measured by Western blotting.
Results Tp0136 significantly promoted fibroblast migration. Subsequently, the levels of MCP-1 and its receptor CCR2
were increased in this process. The migration of fibroblasts was significantly inhibited by an anti-MCP-1 neutralizing anti-
body or CCR2 inhibitors. Furthermore, studies demonstrated that Tp0136 could activate the ERK/JNK/PI3K/NF-jB sig-
nalling pathways through TLR4 activity and that signalling pathways inhibitors could weaken MCP-1 secretion and
fibroblast migration.
Conclusions These findings demonstrate that Tp0136 promotes the migration of fibroblasts by inducing MCP-1/
CCR2 expression through signalling involving the TLR4, ERK, JNK, PI3K and NF-jB signalling pathways, which could
contribute to the mechanism of chancre self-healing in syphilis.
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Introduction
As a common sexually transmitted disease, syphilis has been a
threat to human health for centuries.1,2 According to its clinical
characterization, syphilis can be divided into three stages: pri-
mary syphilis, secondary syphilis and tertiary syphilis. The main
characteristic of primary syphilis is that the skin infection site
has a typical chancre, a painless ulceration. Interestingly, in con-
trast to symptoms caused by other pathogens, chancres can heal
spontaneously within a few weeks without treatment.3 At
present, the mechanism of wound healing in syphilis is still
unknown.
Wound healing involves a variety of mechanisms.4,5 Among
them, one of the most important mechanisms is the migration
of fibroblasts to fill the injured lesion.6 The migration of fibrob-
lasts is regulated by a variety of cytokines, including monocyte
chemotactic protein-1 (MCP-1), interleukin (IL)-6 and matrix
metalloproteinase (MMP)-9.7–9 MCP-1 is a chemokine whose
main functions are the attraction and activation of monocyte-
lineage cells,10 and MCP-1 can mediate fibroblast cell migration
through C-C chemokine receptor type 2 (CCR2; MCP-1†These authors contributed equally to this work.
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receptor related to migration).11 In addition, the release of
MCP-1 is mediated by Toll-like receptor (TLR) 4, which is one
of the most important pattern recognition receptors.12
Tp0136 is one of a few proteins produced by Treponema pal-
lidum (T. pallidum) that bind and adhere to fibronectin,13 and
the transcription level of Tp0136 is significantly elevated during
the healing period in a rabbit model of syphilis. Therefore, we
suggest that Tp0136 may contribute to the healing of syphilitic
lesions.14 However, the related mechanism is still unclear. There-
fore, we postulate that Tp0136 promotes MCP-1/CCR2 expres-
sion through TLR4, leading to fibroblast migration, which plays
an important role in the pathophysiology of syphilis. In the pre-
sent study, we evaluated the influence of Tp0136 on fibroblast
migration and analysed related chemokines, TLR4, and sig-
nalling pathways that participate in this process.
Materials and methods
Cell culture
Human fibroblasts were purchased from American Type Culture
Collection (ATCC), grown in medium supplemented with 3%
foetal bovine serum (ScienCell, San Diego, CA, USA), 100 U/mL
penicillin and 100 lg/mL streptomycin and incubated at 37 °C
(with humidity) in a 5% CO2 atmosphere. Confluent cells were
subcultured at a ratio of 1 : 3, and the medium was changed twice
a week. Fibroblasts (5 9 105 cells/well) were added to a 6-well cul-
ture plate (NEST, Wuxi, China) and cultured until they reached
90% confluence. Then, the cells were treated with different con-
centrations of Tp0136 (1, 5, or 10 lg/mL) for 12 h or 10 lg/mL
Tp0136 for different times in the following experiments.
Preparation of the recombinant T. pallidum protein Tp0136
Recombinant protein Tp0136 was purified, and endotoxin was
removed as described previously.13,15 The endotoxin contamina-
tion of Tp0136 was detected by a tachypleus amebocyte lysate
test (Chinese Horseshoe Crab Reagent Manufactory, Ltd., Xia-
men, China) and was found to be less than 0.05 endotoxin units
(EUs)/mL.
Cell migration assay
The fibroblasts were seeded in 6-well plates. When cells at 90%
confluence were scratched using a 200-lL tip, then, the cells were
removed and formed a scratch. Following, the fibroblasts were
stimulated with Tp0136 as described above. Images were
acquired with a microscope (Nikon, Tokyo, Japan). ImageJ soft-
ware was used to calculate the increased area according to the fol-
lowing equation: Area covered by cells (%) = [1  (line area at
12 h/line area at 0 h)] 9 100. For an inhibition assay, fibroblasts
were pre-incubated with 30 lM U0126 (ERK inhibitor), 10 lM
SP600125 (JNK inhibitor), 10 lM SB203580 (p38 inhibitor),
10 lM LY294002 (Akt inhibitor), 1 lM BAY11-7082 (NFjB inhi-
bitor), 20 lM RS102895 (CCR2 inhibitor), 1 lM TAK242 (TLR4
inhibitor) (all of those purchased from MCE, Monmouth Junc-
tion, NJ, USA) or 40 lg/mL anti-MCP-1 IgG (NeoBioscience,
Shenzhen, China) for 1 h. Then, the cells were treated with
10 lg/mL Tp0136 for 12 h, and a cell migration assay was per-
formed as described above.
The expression of migration-associated cytokines assay
Fibroblasts were stimulated with Tp0136 as described above.
Following treatment, the mRNA levels of MCP-1, IL-6 and
MMP-9 were detected by RT-PCR as described previously.16,17
The primers used in the RT-PCR analyses are listed in Table 1.
In addition, the cell culture supernatants were collected, and the
soluble protein levels of MCP-1, IL-6 and MMP-9 were deter-
mined by ELISA kits (NeoBioscience, Shenzhen, China) accord-
ing to the manufacturer’s protocols.
CCR2 activation assay
Fibroblasts were stimulated with Tp0136 as described above.
Then, the protein expression level of CCR2 (an anti-CCR2 anti-
body was purchased from Abcam Cambridge, MA, USA) was
detected by Western blot assay as described previously.18
TLR4 activation assay
Fibroblasts were stimulated with Tp0136 as described above.
Then, the mRNA levels of TLR4 were detected by RT-PCR. For
an inhibition assay, fibroblasts were pre-incubated with 1 lM
TAK242 for 1 h. Then, the cells were treated with 10 lg/mL
Tp0136 for 12 h, and the soluble protein level of MCP-1 was
determined by an ELISA kit according to the manufacturer’s
protocols.
MAPK/PI3K/NF-jB activation assay
Fibroblasts were stimulated with 10 lg/mL Tp0136 for 1 h.
Then, cell lysates were collected, and the protein levels of phos-
phorylated and total ERK, p38, JNK, Akt and IjBa were assessed
by Western blotting. In addition, fibroblasts were pre-incubated
with 30 lM U0126, 10 lM SP600125, 10 lM SB203580, 10 lM
LY294002 or 1 lM BAY11-7082 for 1 h and then stimulated with
10 lg/mL Tp0136 or 1 lg/mL lipopolysaccharide (LPS) for
Table 1 Primers used for real-time PCR analysis in this study
Forward 50–30 Reverse 50–30
MCP-1 CAGCCAGATGC
AATCAATGCC
TGGAATCCTGAAC
CCACTTCT
TLR4 AGACCTGTCCCTG
AACCCTAT
CGATGGACTTCT
AAACCAGCCA
IL-6 ACTCACCTCTTCA
GAACGAATTG
CCATCTTTGGA
AGGTTCAGGTTG
MMP-9 TGTACCGCTAT
GGTTACACTCG
GGCAGGGACA
GTTGCTTCT
GAPDH GAAGGTGAAG
GTCGGAGTC
GAAGATGGTGA
TGGGATTTC
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12 h before determining the expression level of MCP-1. To
investigate the relationships between TLR4 and the MAPK/
PI3K/NF-jB signalling pathways, fibroblasts were pre-incu-
bated with 1 lM TAK242 for 1 h. Then, the cells were treated
with 10 lg/mL Tp0136 for 1 h (1 lg/mL LPS as a control),
and the protein levels of phosphorylated and total ERK, JNK,
Akt and IjBa were detected as described above. The anti-p-
ERK, anti-p-JNK, anti-p-p38, anti-p-Akt, anti-p-IjBa, anti-
ERK, anti-JNK, anti-p38, anti-Akt and anti-IjBa antibodies
used were purchased from Cell Signaling Technology (Danvers,
MA, USA).
Statistical analysis
Statistical analysis was performed using SPSS19.0 for Windows
(SPSS Inc., Chicago, IL, USA). Qualitative data are shown as the
meanSEM, and categorical data are expressed as the frequency
and percentage. An unpaired Student’s t-test was used to com-
pare means between the control and experimental groups. One-
way ANOVA was used to compare values among multiple groups.
A two-sided P-value <0.05 was considered statistically significant.
Results
Effect of Tp0136 on fibroblast migration
To explore the effect of Tp0136 on fibroblast migration, we first
conducted a scratch-healing assay. Fibroblasts were incubated
with different concentrations of Tp0136 (1, 5 and 10 lg/mL) to
analyse the effects on migration at 12 h. As shown in Figure 1,
the migration area was obviously increased at a concentration of
1 lg/mL Tp0136 (P < 0.05), and the best response was achieved
with 10 lg/mL Tp0136 (P < 0. 001) at 12 h, indicating a con-
centration-dependent pattern.
Effects of Tp0136 treatment on migration-associated
cytokines
To detect the migration-associated cytokines that play roles in
Tp0136-induced migration, we first detected the mRNA expres-
sion levels of MCP-1, IL-6 and MMP-9 in fibroblasts stimulated
with different doses of Tp0136 for 12 h. As shown in Figure 2a,
Tp0136 markedly increased the mRNA expression of MCP-1 in a
dose-dependent manner. That is, the mRNA expression of MCP-
1 was significantly increased with 1 lg/mL Tp0136 (P < 0.01)
and peaked at a dose of 10 lg/mL (P < 0.001). The mRNA
expression of IL-6 was significantly increased by 10 lg/mL
Tp0136 (P < 0.05) (Fig. 2b). The mRNA expression of MMP-9
showed no significant change in response to the different doses
of Tp0136 (Fig. 2c). Tp0136 also significantly increased the
mRNA expression of MCP-1 in a time-dependent manner. In
other words, the MCP-1 mRNA expression level was significantly
increased at 3 h (P < 0.001), and the maximal level was attained
within 12 h (P < 0.001) (Fig. 2d). The IL-6 mRNA expression
level was significantly increased at 12 h (P < 0.05) relative to
0 h, and the IL-6 mRNA expression level was not significantly
different at 3 and 6 h (Fig. 2e). The mRNA expression of MMP-
9 showed no significant changes among different times (Fig. 2f).
To investigate the effects of Tp0136 on the protein expression
of MCP-1, IL-6 and MMP-9 in fibroblasts, an ELISA was used to
detect the protein levels of cytokines secreted by fibroblasts.
Figure 1 The effect of Tp0136 on fibroblast migration analysed by scratch assays (1009). The upper and lower edges of the scratches
were indicated by white dashed lines in the pictures. The values represent the means  SEMs of experimental triplicates and are repre-
sentative of the results of three independent experiments (*: P < 0.05, ***: P < 0.001).
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Compared with those in the PBS group, the secreted levels of
MCP-1 in the Tp0136 treatment group were significantly ele-
vated with 1 lg/mL Tp0136 (P < 0.001) and reached a maximal
response with 10 lg/mL Tp0136 (P < 0.001), showing a dose-
dependent response (Fig. 2g). The secreted levels of IL-6 and
MMP-9 in the Tp0136 treatment group were not different from
those in the PBS group (Fig. 2h,i). In addition, Tp0136 mark-
edly increased the secreted levels of MCP-1 in a time-dependent
manner. The MCP-1 protein expression level was significantly
increased at 3 h (P < 0.001), and the maximal level was attained
Figure 2 The effects of Tp0136 treatment on migration-associated cytokines. The mRNA expression of MCP-1 (a), IL-6 (b) and MMP-9
(c) in fibroblasts induced by different doses of Tp0136. The mRNA expression of MCP-1 (d), IL-6 (e) and MMP-9 (f) in fibroblasts induced
by 10 lg/mL Tp0136 at different time points. The protein levels of MCP-1 (g), IL-6 (h) and MMP-9 (i) in fibroblasts induced by different
doses of Tp0136. The protein levels of MCP-1 (j), IL-6 (k) and MMP-9 (l) in fibroblasts induced by 10 lg/mL Tp0136 at different time
points. The values represent the means  SEMs of experimental triplicates and are representative of the results of three independent
experiments. IL, interleukin; MCP-1, monocyte chemotactic protein-1; MMP: matrix metalloproteinase; NS: no significance (*: P < 0.05,
**: P < 0.01, ***: P < 0.001).
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within 12 h (P < 0.001) (Fig. 2j). The protein expression of IL-
6 and MMP-9 showed no significant changes among different
times (Fig. 2k,l).
Effects of MCP-1/CCR2 on the migration of fibroblasts
induced by Tp0136
To further identify whether MCP-1 plays an important role in
fibroblast migration stimulated by Tp0136, fibroblasts were
stimulated with different doses of Tp0136 for 12 h, and CCR2
protein expression was detected. Compared with that in the PBS
group, the CCR2 protein level in the Tp0136 treatment group
was significantly increased with 1 lg/mL Tp0136 (P < 0.01) and
reached a maximal response with 10 lg/mL Tp0136
(P < 0.001), showing a dose-dependent response (Fig. 3a).
Next, fibroblasts were pretreated with an anti-MCP-1 antibody,
RS102895 or mixture of both for 1 h and then stimulated with
10 lg/mL Tp0136 for 12 h. The results showed that these treat-
ments could effectively inhibit the fibroblast migration induced
by Tp0136 (P < 0.05) (Fig. 3b).
Effects of TLR4 on MCP-1 expression
To investigate whether TLR4 is needed for the induction of
MCP-1 expression in fibroblasts stimulated with Tp0136, we
first detected the mRNA expression of TLR4 after stimulation
with different doses of Tp0136 for 12 h. As shown in Figure 4a,
the mRNA level of TLR4 was significantly elevated with 1 lg/mL
Tp0136 (P < 0.05) and reached a maximal response with 10 lg/
mL Tp0136 (P < 0.01), showing a dose-dependent response.
Then, fibroblasts were incubated with 10 lg/mL Tp0136 for the
indicated times. The TLR4 expression level was significantly
increased at 3 h (P < 0.05), and the maximal level was attained
within 12 h (P < 0.01), which indicated a time-dependent
response (Fig. 4b). In addition, pretreatment with TAK242 (a
TLR4 inhibitor) attenuated Tp0136-induced MCP-1 expression
(P < 0.01) (Fig. 4c), and have no effect on Tp0136-induced
CCR2 expression (Fig. 4d). Following, the migration assay was
used to analyse the role of TLR4 in Tp0136-induced fibroblast
migration. The result indicated that the Tp0136 prompted
migration obviously inhibited by TAK242 (P < 0.05) (Fig. 4e).
The effects of MAPK/PI3K/NF-jB pathways in MCP-1
expression
Previous studies have found that MAPK (ERK, p38, JNK), PI3K
and NF-jB signalling pathways play an important role in cell
migration.19 To explore whether those signal pathways take part in
this process, the fibroblasts were firstly stimulated with Tp0136
(10 lg/mL) for 1 h, the phosphorylation levels of ERK, JNK, p38,
Akt (an indicator of PI3K activation) and IjBa (an indicator of
NF-jB activation) were significantly elevated than the PBS group
(P < 0.05) (Fig. 5a). Then,the fibroblasts were pretreated with
inhibitors of ERK (U0126), JNK (SP600125), p38 (SB203580),
PI3K (LY294002) or NF-jB (BAY11-7082) for 1 h, and then
stimulated with Tp0136 for 12 h. The Tp0136-induced MCP-1
production was significant inhibited by pretreatment with U0126
(P < 0.05), SP600125 (P < 0.01), LY294002 (P < 0.001) and
BAY11-7082 (P < 0.001). The MCP-1 expression in
Tp0136+SB203580 group is no significant difference to Tp0136
group, which indicate there is no effect of Tp0136 of the inhibitor
of p38 (SB203580). There is no difference between PBS and
PBS+SB203580 group, which indicate the dose of SB203580 used
in this experiment has no cytotoxicity. Meanwhile, compared to
PBS group, the expression of MCP-1 is significant elevated in the
Tp0136+SB203580 group, which indicate the elevated MCP-1
expression is mainly due to the role of Tp0136. In addition, those
inhibitors could inhibit the secretion of MCP-1 induced by LPS
(Fig. 5b). The migration area change induced by Tp0136 was sig-
nificantly attenuated in the U0126, SP600125, LY294002 and
BAY11-7082 groups compared with the Tp0136 group (P < 0.05).
Fibroblasts pre-incubated with SB203580 did not exhibit an inhibi-
tion of the migration induced by Tp0136 (Fig. 5c,d).
Tp0136 functions through TLR4 to activate the ERK/JNK/
PI3K/NF-jB signalling pathways in fibroblasts
To further investigate the relationships between TLR4 and the
ERK/JNK/PI3K/NF-jB signalling pathways, fibroblasts were pre-
incubated with the TLR4 inhibitor TAK242 for 1 h, and the
levels of phosphorylated ERK, JNK, Akt and IjBa were detected
after stimulation with 10 lg/mL Tp0136 (1 lg/mL LPS as posi-
tive control) for 1 h. The Tp0136- or LPS-stimulated phospho-
rylation of ERK, JNK, Akt and IjBa was significantly inhibited
by pre-incubation with TAK242 (P < 0.05) (Fig. 6).
Discussion
Skin tissue repair and wound healing are dynamic and complex
biological processes. Wound healing mainly consists of four
overlapping phases: (i) haemostasis; (ii) inflammation;
(iii) granulation tissue formation; and (iv) tissue remodelling or
resolution.20 The migration of fibroblasts stimulated by cytoki-
nes plays a crucial role during the wound-healing process
because fibroblasts are directly responsible for key events in the
healing process such as releasing extracellular matrix compo-
nents during the tissue-remodelling process.21 In the current
study, we demonstrated that Tp0136 could significantly elevate
MCP-1/CCR2 expression and promote the migration of fibrob-
lasts in vitro, which may be beneficial for wound healing in
syphilitic lesions.
It is well known that the microenvironment of fibroblast
migration is not beneficial for the survival and spreading of most
pathogens. Because oxygen is required for pathogen survival,22
the migration and recruitment of fibroblasts can isolate external
oxygen and form a hypoxic environment at the wound site,
which is detrimental to pathogen survival.19 In this process,
fibroblasts release a large amount of extracellular matrix
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components to limit the spread of pathogens.23 However, for
T. pallidum, it has been demonstrated that the hypoxic environ-
ment is relatively suitable for survival.24 Together with the
results mentioned above, Tp0136-induced fibroblast migration
may be beneficial for T. pallidum survival and spreading.
Previous studies have found that cell migration is regulated
by a variety of cytokines.7–9 Our previous research found that
T. pallidum promoted the secretion of MCP-1 by vascular
smooth muscle cells to help the migration of monocytes.25 In
the present study, the mRNA and secreted protein levels of
MCP-1 produced by fibroblasts were induced by Tp0136 stimu-
lation in a time- and dose-dependent manner. In addition, we
also found that the protein level of CCR2 was increased by
Tp0136 stimulation of fibroblasts and that the migration of
fibroblasts was significantly inhibited by pretreatment with an
anti-MCP-1 neutralizing antibody or a CCR2 inhibitor. These
results indicate that the increased migration rate of fibroblasts is
mainly due to the elevated expression of MCP-1/CCR2 after
Tp0136 stimulation of fibroblasts. Based on these results, the
Tp0136-induced expression of MCP-1/CCR2 in fibroblasts may
play a crucial role in recruiting fibroblasts to wound sites by
mediating cell migration. The IL-6 is another inflammation fac-
tory which have a role on migration of fibroblasts. In the experi-
ment, the different Tp0136 dose groups or different times of
Tp0136 stimulated with fibroblast have been set up to detect the
secretion of IL-6, we found that Tp0136 could not prompt IL-6
secretion, which indicates that IL-6 has no role on fibroblast
migration induced by Tp0136.
TLR4 was the first pathogen recognition receptor in the
TLR family to be discovered. The activity of TLR4 is involved
in many immune responses to microorganisms.26 Ligands of
TLR4 are divided into two categories: exogenous and endoge-
nous ligands. The exogenous ligands of TLR4 are pathogen-
associated molecular patterns (PAMPs), and the most impor-
tant exogenous ligand is LPS in gram-negative bacteria.27
Endogenous ligands of TLR4 are damage-associated molecular
Figure 3 The effects of MCP-1/CCR2 on the migration of fibroblasts induced by Tp0136. (a) The protein expression of CCR2. (b) Inhibi-
tion of Tp0136-induced fibroblast migration by both anti-MCP-1 neutralizing antibody (40 lg/mL) and RS102895 (20 lM) (1009). The
upper and lower edges of the scratches were indicated by white dashed lines in the pictures. The values represent the means  SEMs of
experimental triplicates and are representative of the results of three independent experiments. CCR2, C-C chemokine receptor type 2;
MCP-1, monocyte chemotactic protein-1; NS, no significance (**: P < 0.01, ***: P < 0.001).
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patterns (DAMPs), including fibronectin III1-c and fibronec-
tin III-EDA, which are components of fibronectin in the
extracellular matrix that are produced after enzymatic hydrol-
ysis during injury.28 These DAMPs activate TLR4 and pro-
mote injury healing.28 It is well known that T. pallidum lacks
the most important virulence factor of gram-negative bacteria,
LPS.29 Interestingly, in this study, we demonstrated that
Tp0136 could promote MCP-1 secretion through TLR4.
Whether Tp0136 activates TLR4 through its endogenous
ligands requires further research.
Figure 4 The effects of TLR4 on MCP-1 expression. (a, b) The mRNA expression of TLR4, (c) inhibition of the protein expression of
MCP-1 induced by Tp0136 by the TLR4 inhibitor TAK242 (1 lM), (d) the mRNA expression of CCR2, (e) inhibition of Tp0136-induced
fibroblast migration by TAK242 (1 lM) (1009). The upper and lower edges of the scratches were indicated by white dashed lines in the
pictures. The values represent the means  SEMs of experimental triplicates and are representative of the results of three independent
experiments. MCP-1, monocyte chemotactic protein-1 (*: P < 0.05, **: P < 0.01, ***: P < 0.001).
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Figure 5 The effects of the MAPK/PI3K/NF-jB signalling pathways on MCP-1 expression. (a) Phosphorylated and total protein levels of
ERK, p38, JNK, Akt and IjBa induced by Tp0136. (b) The effect of inhibitors (ERK, JNK, p38, Akt and IjBa inhibitors) on Tp0136-induced
MCP-1 expression. (c, d) The effect of inhibitors (ERK, JNK, p38, Akt and IjBa inhibitors) on Tp0136-induced fibroblast migration (1009).
The upper and lower edges of the scratches were indicated by white dashed lines in the pictures. The values represent the
means  SEMs of experimental triplicates and are representative of the results of three independent experiments. LPS, lipopolysaccha-
ride; MCP-1, monocyte chemotactic protein-1 (*: P < 0.05, **: P < 0.01, ***: P < 0.001).
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Cell migration involves multiple signalling pathways.29–31 In
this study, we also detected the relevant signalling pathways
whether involved in fibroblast migration induced by Tp0136.
The results indicated that the MAPK (ERK, p38 and JNK), PI3K
and NF-jB signalling pathways were activated in this process,
and the fibroblast migration could be inhibited by their inhibi-
tors. However, when fibroblasts were pre-incubated with the p38
inhibitor SB203580, the MCP-1 secretion prompted by Tp0136
was not being inhibited. The relative signalling pathway would
be activated by Tp0136, and the expression of MCP-1 was no
Figure 6 Tp0136 functions through TLR4 to activate the ERK/JNK/PI3K/NF-jB signalling pathways in fibroblasts. The values represent
the means  SEMs of experimental triplicates and are representative of the results of three independent experiments. LPS, lipopolysac-
charide (*: P < 0.05).
Akt JNK IκBα
NFκB
PI3K
ERK
RelA
p50
Plasma
membrane
U0126LY294002 SP600125 BAY11-7082
TAK242
MAPK
RS102895
MCP-1
MCP-1
CCR2
Migration
TLR4
Tp0136
Figure 7 A schematic diagram revealing the proposed mechanism by which signalling pathway involved in Tp1036-induced fibroblast
migration.
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inhibited in Tp0136+SB203580 group. Therefore, compared to
PBS group, the same or even stronger effects of the inhibitors on
MCP-1 expression. Meanwhile, fibroblast migration prompted
by Tp0136 was not being inhibited.
One possible explanation is that p38 activated by Tp0136 can
promote the expression of other cytokines that have no effect on
cell migration. In addition, the phosphorylation of ERK, JNK,
PI3K and IjBa induced by Tp0136 or LPS was inhibited by a
TLR4 inhibitor. These results indicated that the activation of the
ERK, JNK, PI3K and NF-jB signalling pathways could be medi-
ated by TLR4 in Tp0136-stimulated fibroblasts.
Limitations
Several potential limitations should be noted. First, we have
demonstrated that Tp0136 promotes the migration of fibroblasts
in vitro, and further research such as in vivo experiments is
needed to confirm our in vitro findings. Second, we detected the
expression of IL-6, MMP-9 and MCP-1 in this experiment, but
whether there are other inflammatory factors involved in this
process requires further research. Third, an understanding of the
roles of Tp0136 in other cells involved in the wound-healing
process is needed.
Conclusion
In summary, our research has shown that Tp0136 promotes the
migration of fibroblasts by inducing MCP-1/CCR2 expression
through signalling involving the TLR4, ERK, JNK, PI3K and NF-
jB signalling pathways (Fig. 7). Understanding the important
role of Tp0136 in fibroblast migration and the relevant mecha-
nisms could contribute to an improved understanding of the
pathogenesis of T. pallidum, especially chancre self-healing in
the early stages of syphilis infection.
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